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SOLUBILITY OF THE RARE EARTH OXALATES AND COMPtEX ION 
FORMATION IN OXALATE .SOLUTION IIo NEODYMIUM AND CERIUM (III) 
by 
Carl Eo Crouthamel* and Don So Ma.rtin 0 Jro 
INTRODUCTION 
Prev:i.ous studies with ytterbium in oxalate solutions1 have demon-
strated that the determination of concentrations by radioassay would 
permi·t the evaluation of equilibrium constants for the systemo The 
prese~t paper describes results of similar experiments with neodymi~ 
and ceriumo Since the lighter rare earths have greater ionic radii 0 
it was expected that the degree of complexing would be less and a lower 
solubility in oxalate would resulto The data presented in this paper 
for neodymium and c erium confirmed the lower solubility but indicated 
that ·the complexes were not substantially weakero The behavior of 
cerium was markedly different from that of' ytterbium and neod.Jmium. 
in that definite evidence was found for the formation of a trioxalate 
comple:x:o 
We wish to express our appreciation to Dro Fo Ho Spedding8 and 
Messrso To Butle~ and Jo Pawall 0 who prepared the very pure sample of 
neodymium oxideD for their assistance 0 interest and encouragement of 
thi:s worka 
EXPERIMENTAL 
Materials As source material for cerium!) a sample of cerium · (IV) 
ammonlum nitrate standard of reference supplied by the Go Fredrick 
Smith Coo was usedo This material was analyzed spectroscopically in 
this laboratory 9 and other rare earths were not detectedo A sample 
of cerium (IV) oxide was prepared from this sample and irradiated in 
the Argonne National Labora·tory pile for three months to prepare the 
cel41 isotopeo ce141 has been reported to decay With. a half life of 
28 ... 32 days by emission of}~ with a maximum. energy of Oo53 Mev and 
* Present address~ Argonne Na.tianal Laboratory 9 Chicago 9 Illinoiso 
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with a partiallS converted 0.146 Mev gamma ray accompanying 7o% of the 
disintegrations D4D5D6o cel39 with a 140 day half life would not have 
been formed in sufficient quantities to be significant7. However the 
formation of the 33 hour cel43 which decays to a ~- emitting daughter 
rrl43 with a half life of 13o8 days would be expected to introduce a 
significant radioactive impurity into the s~ple8o To eliminate the 
praesodymium f.raction 9 the irradiated sample was reduced to the ceiii 
a·t;a:te and then incompletely oxidized to ceiV with sodium bromateo A 
precipitation of the cerium (IV) iodate according to the procedure of 
Boldridge and Hume9 was then effectedo Finally~ the Cerium (IV) iodate 
·was reduced by hydrogen peroxide in sulfuric acid solution and the 
oxalate precipitated and washed until no BaS04 test was obtained on the 
wash solutiono 
Standard solutions were prepared from samples of 50-100 mg of Ce02 
weighed on an analytical balanceo Aliquots of these solutions withdrawn 
by means of micropipettes and mounted for counting in the normal procedure 
yielded specific activities for second shelf geometry of 3 X 10 
ots/(min)(mg Ce)o 
Absorption and decay curves indicated no appreciable radioactive 
impurities f) 
A sample of the Lindsay Light Coo neodymium carbonate was the 
neodymium source materialo The product was supplied to us after two 
separations in ion exchange columnslO and was reported as "spectro-
scopically pureuo It is believed that the upper limit of any rare 
ea!'th impu!'i ty -was less than Ool%o 
The neodymium oxide was irradiated with slow neutrons for one 
month in the Argonne National Laborator1 pile to form Ndl47 which decays 
by the emission of a Oo9· mev ;3- or a p- and Oo58 mev ( with a half 
life of lloOd (11912). The daughter isotope Pml47 is also radioactive. 
decaying by the emission of a Oo2 mev.,;&- w.i.th a half life of 3o7 
yea.rso The Il!lss of this element formed would be of only a "tracer" 
magnitude and would not be expected to influence the equilibriumo How-
ever the activity, defined as disintegrations per unit time would be 
appreciable; the ratio of Pm/Nd disintegration rates wa~ computed to 
be Oo007 at the end of the thirty day irradiation and Oo07 thirty 
days later o Consequently 11 in the counting measurements peri'ormed a 
month after the end of irradiation a 30 mg/cm2 Al absorber was enployed 
which was estimated to reduce the Pm/Nd counting ratio by a further 
factor of at leas·t l/2D-l/40o Any effect of this daughter were believed 
to have been effectively removed from the measurementso 
The lead absorption curve of the radiation gave a half thickness of 
5o4 g/c~ (corresponding to Oo57 mev) and the estimated end point for the 
range of the electrons in Al was 400 mgfc~ (corresponding to about i.o 
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mev)o The half' life estimated :f"rom a decay curve in this laboratory .was 
llo6 dayso No evidence to indicate any other short lived activity 
was discovered j it was therefore concluded that the sample of neodymium 
oxide had been exceptionally ~ureo The specific activity at the time 
of the fir·st assay was 2 X 106 cts/(min)(mg Nd) o The standard solutions 
used for preparing equilibrium mixtures were prepared by dissolving 
weighed quantities of th0 raawaotive Nd2o3 in perchloric acido A large 
portion of the excess acid was evaporated offo Perchlorate ion con~ 
oentrations needed for the subsequent calculation of -ionic strength 
were estim;~.ted by means of a careful measurement of pH and a radioassayo 
Since for these solutionsg 
mClO = ~ ~ ~ 
4 -
(1) 
(mns represent molar concentrations~ mols/liter) 9 the concentration of 
ClO~= was computed from these data by the use of a unicharged ian 
act1vity coefficient ~ich was consistent vuth the finally calculated 
ionic strength for converting H9 activity to concentrationo 
Procedureo For i:he most part the experimental details have been 
described in the previous paperlo Some significant changes were re-
quh·ed to attain aquilibr' ium quickly because of the fairly short half 
life of the neodymium and the fact that the solubility of the oxalate 
was so low (about a factor of 10 less than for the ytterbium salt)o 
A Burrell shaker was used to aid the establishmen·c of the equilibriumo 
Each solution was shaken in a constant temperature bath at 25o0° for 
twelve hours before measuring the pH or withdrawing samples for radio-
assay and the oxalate titrationo 
The neodymium concentration of all solutions as indicated by the 
radioassays remained constant after the fifteenth day and all solutions 
were checked thirty days after preparationo Equilibrium was approached 
by direct precipitation from neodymium perchlorate with the addition of 
o:x:e.late buffers in both hot and cold solutionso Also wet washed 
neodymium oxalate crystals were brought into equilibrium vi th oxalate · 
bufferso All the methods gave essentially the same equilibrium values 
and the diffi.cul tie.s in establishing equilibrium l'hich were encountered 
with the ytterbium experiments did not "appearo 
With cerium9 equilibrium was attained by adding the wet washed 
cerium (III) oxalate crystals to the oxalate buffer solutianso In some 
instances the crystals ~re dissolved at 60~ in which case concentrations 
approxim.ately ten tim; s greater than equilibrium values at 25° were 
est a'blishedo These solutions were then brought to equilibrium by 
mechanical shaking in a thermostat at 25o0o o In too se oases the equili-
brium was attained in about one day P ho~ver the mjori ty of the solutions 
were checked over a period of 90 dayso 
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The methods for calculating oxalate ion activity and the necessary 
activity coefficients have been described in the previous paperlo 
Since the ~reparation of that paperD howeverD the new edition of 
Harned and Owen 3 has pointed out that the original calculations for 
the activity coefficients of Lac13 were in erroro However in the 
ytterbium work activity coefficients of rare earth chloride were ex-
trapolated to approach the limiting Jaw for low concentrations., Con-
sequently the values of ( 3 J> the activity coefficient for a trivalent 
i an used 9 ~ve a ( ~ for the chloride which were not greatly different 
.from the corrected values of La.Cl3 e In the present work 0 3 ' s have 
been computed from the new LaCl3 values and accordingly the standard 
f r ee energy changes for the ytterbium ~ich are included in Table IV 
have been recalculated from the old data with these new coeffioientso 
To facilitate the use of the data presented in this paper tabulations 
of t' tJ '/ tJ '{ 3 employed have been given in Table I., In most equili-
b ium1sofu~ians the square root of ionic strength was below a value of 
Oo3 so that a treatment considering activity coefficients as a function 
of only charge and ionic strength would be satisfactoryo In the few 
solutions at very low oxalate activity which were attained by a low 
pH in the buffered solutions, the square root of ionic strength was 
about 0.,5- 0., 7 o For these solutions the activity coefficients must be 
somewhat in que stiono However ll it should be emphasized that errors have 
been minimized by using experimentally determined activity coefficient 
products and ratios for very similar ionic species to those involved 
in -tll is work o 
Discussion of Results 
Exper i mental results obtained with 21 cerium equilibrium solu-
tions have been collected in Table II. As was the case with ytterbium 
wlde variations in binoxalate ion activities appeared to have no 
primary effect in controlling the solubility 9 so within the ranges 
est ed ·the solubility» could be represented satisfactorily as a function 
of just the oxalate ion activity., Therefore the experimentally determined 
val ues of log mea-total have been plotted against log ac2o4• in Figo lo 
The points clustered around a smooth curve., The similar curve obtained 
wi t h yt terbium has also been shom in this figureo Differences between 
nerium and ytterbium were quite significant., The ytterbium curve ap-
pr oached a l imiting slope of accurately one half in the region of high 
oxa l at e ion aotivi~ indicating the formation of Yb(c2o4'j2 but no ap-
preciable Yb(c2o4)3-o In this regi on the slope of the cerium curve 
was significantly greater than 0.,5 although somewhat less than lo5o 
Accordingly D in a treatment similar to that in the previ~us v.ork with 
the consideration of canplexes of the formD RE (c2o4)n3- n (RE ~ ·Rare 
earth) 9 values of n equal to 1,2 9 and 3 were required for cerium., The 
/ 
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formation of a trioxalate complex should lead. as a first approximation. 
to a limiting slope of 3/2. Thus, the system would be characterized by 
the following four equilibria: 
-I RE(C204)3: RE(C204)2 .. c 0 - •. 2 4 , 
RE(C204)2 - + = II <' r RE(C2o4) + c2o4 ; 
RE(c2o4)-t < -III , REot•+ • C 0 -. 2 4 , 
IV RE2(C204)3 (s)~ 2RE••• •3C2o a .. 4 ,. 
The solid phase should of course be the appropriate hydrate. The four 
equi librium constants were defined in this manner. 
K : I 
-
-
-K -
spl 
For convenience in the computations another solubility product was 
also used for the reaction: 
-(s) ..c.*"~--r, RE(C2o4)• • RE(c2o4)2 
(2) 
(3) 
(4) 
(5) 
Thi s solubility product, K 2 D would be related to the other equilibrium 
constants by the relation sp 
- (6) 
From thi s set of equilibrium constants the molar concentration of 
each species could be expressed in terms of the oxalate ion activities. 
By sunnning these terms an expression for the total rare earth concentra-
tion would result ~ 
Substituting expressions for the individual species in this equation 
yielded: 
6 
~-total 
K 
II 
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-
-
-1/2 )· 
( ~Ksp2 
'( l KI (8) 
Thi s aqua tion was rewritten 
(* -3/2 (t; -1/2 ~-total -- • a -) a -) • c2o4- c2o4-
(7; lft ) (t 3ft ) .. t a - ac 0 = 0204 2 4 
The coeffic ients , A1 By c1 and D1 were computed to fit the experimental 
dat a. Since the four constants described the behavior very satisfactorily 
over variations of the oxalate ion activity amounting to nearly 106, they 
were defined fairly unambiguously. The equilibrium constants were calcu-
lated from the values of these coefficients for cerium and have been in• 
eluded in Table IV. These constants described the ~stem very well as 
can be seen by a comparison of the experimental solubilities with those 
whi ch vrere calculated. If any constant was varied by ! 5%, calculated 
solubilities deviated quite seriously from the exper imenta 1 ~?ints. As 
a ·tes+. of the precision of the data, the quantity~l/HJ" i for the 21 
po:l.nts wa s found to be Oo065 where N is the number of points and 
[ i = l og ~a-total (calculated) - log moe-total (observed) for the 
i. t h point. 
The experimental results for 27 neodymium oo lutions have bean in-
cluded in Table III and also shown on Fig. 2. For this element re-
sults similar to ytterbium were obtained in that the limiting slope at 
high oxalate ion activity was o9 1/2, hence there was no evidence for 
the formation of a trioxalate ~omplex. The constants K11, K111, Kspl 
and Ksp2 were evaluated in the same manner as for cerium. A lower 
limit for Kr was estimated by the following argumEnts. A typical 
solubility of neodymium in a solution with ac20 : =, 3ol6 x 10-2 and 
)(3 a 0. 2 would be lo78 x lo-5 mols/litero 4 If the total solubility 
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were approximately 0~5 x 10-5 mols/liter higher, it would have bean 
considered an appreciable deviation from the ~ 1/2 slope observedo 
The additional solubility would have been due mainly to the term 
mnE(C 0 ) :o By the use of this value and the expression: 
2 4 3 
r -I .. K sp2 (10) 
a limiting value of 90 was obtainedo This value should be compared 
with Ool5 ~rtajn:tfor 9~~iumo For the neodymium data the test of the 
precision, 1/N b i 11 was equal to Ool50 for the 27 pointso 
For purposes of comparison the corresponding equilibrium constants 
of ytterbium taken from the earlier paper (1) have been included in , Table 
IVo 
On the basis of these equilibria the solubility of Cerium III 
oxalate and neodymium oxalate in pure water have been calculated and 
the specific conductance of these solutions estimated. As Shawn in 
the previous paper a solution must satisfy to a good approximation 
the relation: 
m 
RE-total 2/3 m oxalate-total (11) 
and activity coefficients would be nearly unityo Maintaining the terms 
of equation 9 11 the following equati.. on must be solved by trial and 
error for the solution: 1; 2 
( 3A <:~). (B ~;4•)- (c mc2o4=)- (3 D ~;4=) - (z mc2o4=) = 0 • <12) 
The concentrations and specific conductances calculated from the 
experimentally determined coefficients 11 A~BpC, and D have been collected 
in Table V for cerium and Table VI for neodymiumo Agreell!lnt v.d. th values 
obtained by a gravimetric method by Sarvar and Brintonl4 can be seen 
to be only fairo The estimated specific conductances have also been 
compared with the values of Ri~back and Schubertl5 and those of Sarvar 
and Brintono 
Standard free energy changes for the reactions of interest have 
been given in Table VII for the three elementso Structures of rare-
8 
earth oxalates have not been determined, however it has been reported 
that both lanthanum and cerium form a 9-hydrate whereas the heavier 
rare earths precipitate as a 10-hydrate. The decrease in hydratio~ of 
cerium and lanthanum may be the result of a higher coordination of 
oxalates about these ionso The absence of evidence of trivalent oxalate 
complex in the case of the heavier neodymium and ytterbium ions with 
smaller ionic radii may well be caused by steric .factorso 
The stability of the monoxalate and dioxalate complexes seemed sur-
prisingly independent of ionic radius as indicated by the similarity in 
values of 4 F~I and 6 F~IIo This was particularly apparent with the 
pair 11 neodymium and ytterbiumo Although.6 F~I and 4F~II were slightly 
larger for neodymium than for ytterbium as had been expected, the 
difference must be considered negligible in view of the fairly large 
difference of ionic radius which must be nearly Oo2 Ro It may be 
noted that if the two elements have nearly equal values for K11 and 
for K111g the solubility curves differ only by a vertical displacement. 
This feature of the neodymi~ytterbium systems is apparent in Figure 2. 
The fairly large difference in the solubilities of the oxalates of these 
two elements must then have resulted largely from differences in the 
crystal energieso 
Another feature of these systems would be the stability of the di-
oxalate complexes relative to the monoxalateo Thus the values of 
~ F~1 seemed particularly large when compared with the corresponding 
values of d F~II which would contain contributions from the separation 
of a greater charge and the low entropy of a trivalent RE iono It 
would appear therefore that the presence of one oxalate expedites the 
addition. of a second iono 
S'Ulllllllry 
Radiochemical assays have been used to measure the soluoilities of 
cerium and neodymium in buffered oxalate solutionso The data have per-
~ttted the calculations of equilibrium constants which satisfactorily 
describe the systemso These have been compared with those from earlier 
work on ytterbium.o Neodymium was found to form the complex ion 
Nd(Cz04)• and Nd(c2o4)2 with very nearly the same stability constants 
as ytterbiumb but it had a minimum solubility of about lo5 x lo-6 
mole /liter compared to 3 x lo-5 mols/liter for ytt~rbiumo Evidenge 
was found for the formation of Ce(C204)•9 Ce(c2o4)2 and Ce(C204)3= 
and cerium had a minimum solubility of ~bout lo7 x lo-6 mols/litero 
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Table I 
Ionic Activity Coefficients Employed in the 'Rare Earth Oxalate Equilibria 
471 (, '( ~- Y> 
Oo050 Oo945 0.795 Oo700 
OolOO 0.900 Oo660 0.473 
Ool50 Oo865 0.561 Oo333 
Oo200 Oo835 Oo488 0.231 
Oo250 Oo810 Oo426 0.170 
Oo300 0.790 Oe384 0.134 
Oo350 0.775 Oe349 Oolll 
Oo400 0.760 0.318 0.092 
Oo450 Oo750 0.301 Oo080 
Oo500 Oo735 Oo278 0.070 
Oo550 Oo730 0.264 0.063 
o.soo Oo720 Oo249 0.056 
Oo650 Oo710 Oo234 o.o52 
Oo700 Oo705 0.224 
0.750 0.700 Oo216 
pB 
ff 
Oo558 4.20 
Oo607 5o85 
0.425 4o25 
0.230 7o60 
0.182 5o22 
Ool57 7o20 
Oo107 7.76 
Oo094 6.90 
0.,079 7o34 
0.074 5o03 
Oo076 4.11 
Q.074 3o60 
0.062 3.09 
OolOO 2.03 
0.072 2o30 
0.200 1o45 
Oo245 1.25 
0.490 Oo62 
0 .437 0.72 
0.570 0.61 
Oo570 0.62 
~s~-88 
Table ll 
Data from Solubility Experiments 
of Ce2 (c2o4)3 o9 H20 at 25.00 c. 
-log M* 
-log ac2o4: -log Ce** 
Obso 
Oo73 1.48 4.20 
Oo90 1.53 4.16 
lo07 1.59 4.40 
1.75 2.09 4.81 
1.93 2.25 5.02 
2.09 2o36 5.06 
2.42 2.61 5.35 
2.53 2.70 5.34 
2.69 2.82 5.47 
2.70 2.88 5.52 
2.51 2.98 5.56 
2o37 3.17 5.66 
2.47 3.71 5.82 
1.94 4.20 5.66 
2.25 4o29 5.75 
1.81 4o90 5.43 
1.58 4o95 5.37 
1.47 5.88 4.43 
lo91 6.15 4.18 
1.86 6.27 4o00 
2.56 6.97 2.94 
* M is the total oxalate concentration. moles/liter. 
** Ce is the total rare earth solubility. moles/liter. 
11 
•log Ce 
Calc. 
4.16 
4.18 
4o39 
4.98 
5.09 
5.18 
5.33 
5.40 
5.47 
5.50 
5.54 
5.62. 
5o76 
5.7~ 
5.75 
5.49 
5.46 
4.52 
4.21 
3.93 
2.92 
12 
-IT pH 
Oo252 3o29 
0.258 4o00 
Ool85 4o46 
Ool96 4.70 
Ool54 3o58 
0.179 3ol5 
Oo083 5o62 
Oo092 3o90 
Ool40 3ol2 
0 .,079 2o75 
Oo054 3o40 
Oo084 3o37 
Oo0'75 2o43 
Ool35 2o20 
Ool36 2ol3 
Oo053 2.69 
Ool35 2o03 
Ooll'7 lo90 
Oo070 2o25 
Oo055 2.63 
Ool36 le'75 
Oo026 3a00 
_O u057 2o48 
Oo088 lo73 
Ool88 lo50 
Oo500 Oo60 
Oo543 Oo52 
Table III 
Data from Solubility Experiments 
of Nd2.(c2o4 )3°l0 ~0 at 25o0° Co 
* 
-log a - .,log Nd** · •log M 
C204 
Obs. 
1.41 loll 4.70 
1o41 2o07 5o08 
1.83 2.26 5.05 
1.91 2o30 5.33 
lo92 . 2o79 5.34 
lo55 2o79 5o 54 
2o73 2o79 5o28 
2o30 2o90 5ol9 
lo94 3o20 5o77 
lo92 3e50 5.82 
2o73 3o59 5.82 
2o68 3o68 5o81 
lo91 3o81 • 5.82 
lo90 4o07 5o96 
1.88 4ol4 5.66 
2o55 4o18 5o71 
lo87 4o23 5o83 
lo77 4o28 5o75 
2o28 4o37 5o83 
2o66 4o37 5o91 
lo82 4o00 5~72 
3o20 4o51 5o 56 
2o79 4o64 5o61 
2o68 5o37 5o46 
3ol6 6ol7 5o00 
2o68 7.12 3o36 
2o73 7o32 3o38 
* M is the total oxalate concentration, moles/litero 
** Nd is the totai rare earth solubility, moles/liter. 
-log Nd 
Calc. 
4o51 
4e96 
5.10 
5ol2 
5.36 
5.36 
5.39 
5.44 
5o56 
5o70 
5.73 
5.76 
s.8o 
5o83 
5o83 
5o86 
5.83 
5.84 
5.86 
5o87 
5o83 
5o84 
5.83 
5o 58 
5.09 
3.67 
3o33 
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Table IV 
Solubility Products ana Instatili ty Constants of CeriUJ~., Neodymium 
and Ytterbium OXalates. 
Equilibrium 
Constants Ce Nd Yb 
I sp2 6e0 X 
10·13 4.o x lo-13 le9 X 10-10 
13 
1spl 5.9 x lo-30 7e7 X 10•32 1.24 X 10-29 
II Oel5 >90 >9o 
1II 1.1 X 
10-4 5e0 X 1o-5 2e6 X 10-5 
1III 3e0 X 10•
7 6e2 X 1o-s 5e0 X 10-8 
.. 
14 
Table V 
Ca.lcu~a.ted Specific qonducta.nce and Molar Concentrations of 
Nd2 (c2o4)3•10H2o in Conductivi~y Water a.t 25°. 
Ion 
Cone. x 106 
m/1 
Ooll 
3o35 
Ool2 
loBO 
~d-tota.l = 3.58 x lo-6m/l. 
(c) 5.36 x lo-6mjl. 
Equivalent 
Conductance A 0 
72** 
70* 
70* 
71 
6 
N. ~ /lOOOxlO -1 -1 
J. /'o ohm em 
Oo024 
Oo235 
o.oos 
0.256 
Total Sp. Cond. - 0.523 x 10-6 ohm-1cm-l 
(a.) = Oo75 x 10•6 
(b) : 3 0 7 X 1Q•6 
Table VI 
Calculated Specific Conductance and Molar Concentrations of 
Cez(c2o4 )3 o9H20 in Conductivity Water a.t 25°o 
Cone. Equivalent N. )'.. /lOOOXl06 h -1 -1 
Ion m/1 Conductance ~0 J. o o m em 
ce+++ 4 -6 Oo 71 x 10 72** Ool02 
Ce(c2o4 )~ 4o67 X lQ-~ 70* Oo327 
ce(c2o4rg 011l3 X 10,. 70* 0.009 Ce(C~04 3 ::: 2o6 x 10-l~ -----
czo4- 2o95 x 10-6 71 Oo418 
lllce-'tota.l :1 5o27 X 10•6 m/1 
(c) lo51 x 10·6 m/1 
Total Sp. Cond. = Oo856 x 10•6 ohm-1cm-l 
{a) Oo651 x lo-6 
(b) lo24 X 10-6 
:;: Estimated 
**Anfrect. Inaugural Dissertation Berhn (1904). 
(a) Specific conductance values of Rimbach and Schubert (14) 
(b) Specifi c cmducta.nces calculated from data of Sarva.r and Brinton (15) 
(c) g:ra vi metric values of Sa.r var and Brinton ( 15) 
• 
A Fio 
6_ FIIo 
6F1Ilo 
f:::t. F o · 
spl 
b.F o sp2 
·- ISC--88 15 
"Table VII 
Standard Free Energy Changes of the Reaction Involving Cerium, 
Neodymium and Ytterbium at 250. 
Ce Nd Yb 
Kcalories Kcalorles Kcalories 
·• 1.12 <- 2.67 '-..- 2.67 
+ 4.40 • 5.87 .. 6.26 
~ 
.. 8.90 + 9.83 .. 9.96 
.;39.87 +42.43 of39.35 
416.67 +16.91 +13.26 
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Fig . 1-Ce (total) concentration in buffered oxalate solutions. Experimental concentrations 
from radioassays. Concentrations .calculated by means of equation!! and the equilibrium 
constants in Table IV . 
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Fig. 2-Nd (total) concentration in buffered oxalate solutions. Experimental concentrations 
from radioassays. Concentrations calculated by means of equation !! and the equilibrium 
constants in Table IV. 
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